Abstract. We discuss the dust chemistry and growth in the circumstellar envelopes (CSEs) of Thermally Pulsing Asymptotic Giant Branch (TP-AGB) star models computed with the COLIBRI code, at varying initial mass and metallicity (Z=0.001, 0.008, 0.02, 0.04, 0.06).
Introduction
During the TP-AGB phase, stars lose their envelopes at high rates, typically between 10 −8 M ⊙ yr −1 and few 10 −5 M ⊙ yr −1 , polluting the surrounding Interstellar Medium (ISM) with metals partially condensed into dust particles.
The metal abundances in the stellar atmospheres of TP-AGB stars, are crucially dependent on the stellar evolution at a given mass and metallicity. In particular, the interplay between several physical processes occurring during this complex phase, i.e. third dredge-up and hot bottom burning (HBB), determines the value of the C/O ratio, responsible for the abrupt variation in the dust chemistry in the CSE. In fact, in case of C/O < 1, M-stars, the dust chemistry is oxygen-based, and the most abundant dust species are silicates (which possible inclusion of impurities), Al 2 O 3 and iron, on the other hand if C/O > 1, C-stars, the chemistry is carbon-based, and the predominant dust species are amorphous carbon, silicon carbide and iron.
Once the bulk of dust is formed, the radiation pressure onto the dust grains can, under specific conditions, accelerate the particles, triggering a dust-driven wind. If for C-stars it is now commonly accepted that amorphous carbon is the wind-driving species, for M-stars the details of the wind acceleration are still unclear and the problem has challenged several theoretical investigations (Ireland & Scholz 2006; Woitke 2006; Höfner 2009 ). In fact, in order to solve this problem, it is required that either large ironfree grains are produced, or that dirty silicate grains condense at higher temperatures than the one usually assumed in the literature (Höfner 2008; Nanni et al. 2013) .
In a broader context, the dust produced by TP-AGB stars enters the life cycle of dust in galaxies, representing one of the main stellar dust sources both in the Milky Way and in high redshifts galaxies, where the large dust reservoirs observed could be mainly ascribed to the ejecta of TP-AGB stars more massive than 3 M ⊙ (Gehrz 1989; Dwek et al. 2007; Valiante et al. 2009; Dwek & Cherchneff 2011) .
The model
Following Gail & Sedlmayr (1999) ; Ferrarotti & Gail (2006) , we studied the problem of dust formation coupled with a stationary, spherically symmetric wind. The model requires, as input parameters, some important stellar quantities that vary along the TP-AGB tracks, i.e. stellar mass, luminosity, effective temperature, elemental abundances in the atmosphere (C/O ratio) and mass-loss rate.
The TP-AGB tracks used in these computations, are calculated with the COLIBRI code by Marigo et al. (2013) with the revised mass-loss rates described in Rosenfield et al. (2014) . The initial conditions taken by COLIBRI are provided by the output of the most recent evolutionary tracks computed with the Padova-Trieste code PARSEC (Bressan et al. 2012) . We remind that the COLIBRI code includes an on-the-fly computation of the detailed chemistry of 800 molecular species and opacities (Marigo & Aringer 2009 ). The HBB is described by a complete network of nuclear reactions (CNO, NeNa, MgAl cycles) coupled with a diffuse description of convection. The mass-loss rate and third dredge-up are given by parameterized description.
In our dust formation scheme, fully described in Nanni et al. (2013 Nanni et al. ( , 2014 , the dust growth is computed from the balance between two terms: the accretion and the destruction rates. Different destruction mechanisms can be at work. In the standard approach, the reaction between H 2 molecules and the silicate grain surface, known as "chemisputtering", turns out to be much more efficient than pure sublimation induced by the stellar radiation heating, so that only the former process is usually included in the models (Gail & Sedlmayr 1999; Ferrarotti & Gail 2006; Ventura et al. 2012 ).
Results and discussion

Silicate condensation temperature in CSEs of M-stars
We first considered in our models fully efficient chemisputtering and dirty silicates opacities by Ossenkopf et al. (1992) . We compared the predicted expansion velocities Dust production in TP-AGB stars as a function of the mass-loss rate, for different stellar masses at Z=0.02, with Galactic data. The results are shown in the left panel of Fig. 1 . From this figure it is clear that, by including chemisputtering in our model, the observed trend is not reproduced. In particular, the velocity at a given value of mass-loss rate is underestimated at high mass-loss rates.
This discrepancy is not exclusively present in our models, but is a long standing problem that has challenged many theoretical investigations (Ireland & Scholz 2006; Woitke 2006; Höfner 2009 ). Such a discrepancy is resolved if silicates can condense close enough to the stellar photosphere (r ∼ 2 R * ), where the acceleration of gravity is sufficiently large to produce the final expansion velocities.
One possible way of obtaining this condition consists of neglecting the chemisputtering process in our calculations. Contrary to pure sublimation, in fact, the chemisputtering efficiency remains high even at low temperatures producing a significant delay in the condensation of silicates (r ∼ 5 R * ).
We therefore revised the efficiency of the chemisputtering process by taking into account the experimental studies on the kinetics of silica erosion in presence of H 2 gas. The results of these experiments yield an activation energy barrier of the chemisputtering reaction too high to be efficient at the typical ranges of temperature and pressure of the CSEs (Gardner 1974; Tso & Pask 1982, Tielens, private communication) . These results are in agreement with the ones performed by Nagahara & Ozawa (1996) in which the evaporation of silicates in presence of H 2 molecules is only relevant at pressures at least two orders of magnitude higher than the ones found in these CSEs at temperatures of 2000 K.
From these considerations, we therefore computed a set of models in which only pure sublimation is included and chemisputtering is totally neglected. As expected, in Figure 2 . Total dust-to-gas ejecta as a function of the initial metallicity and for different stellar masses. The computations are based on the TP-AGB tracks by Marigo et al. (2013) with the new mass-loss prescription by Rosenfield et al. (2014) . The dust formation scheme is described in Nanni et al. (2013 Nanni et al. ( , 2014 this case the condensation temperature of silicates is significantly higher, T cond ∼1400 K, than the one obtained when chemisputtering is taken into account, T cond ∼1000 K . Remarkably, also in recent experiments in which the condensation process of silicate dust is studied, the condensation temperatures measured can be up to T cond ∼1400 K (Nagahara et al. 2009 ).
The results of the predicted expansion velocities as a function of the mass-loss rate for these new computations are shown in the right panel of Fig. 1 , from which it is clear that the trend obtained is now fairly well reproduced.
Total dust ejecta and dust-to-gas ratios
We calculate the dust ejecta produced during the entire duration of the TP-AGB phase for stars of various masses and in a wide range of metallicity (from Z=0.001 to Z=0.06).
The wide range of metallicity considered allows us to study the trend of the total dust-to-gas ratio (total dust produced over the total gas released) as a function of the metallicity for different initial stellar masses. The results are compared with two standard assumption adopted in the literature in the framework of galaxy evolution, as shown in Fig. 2 .
A very interesting result obtained through our investigation is that the total dustto-gas ratio of intermediate-mass stars is less dependent on the metallicity than what it is usually assumed. More striking, at the lowest metallicity, the amount of metals condensed into dust (mostly carbon) can be higher than the initial metallicity, due to the efficient third dredge-up that brings carbon up to the stellar surface (Nanni et al. 2014 ).
Summary and conclusions
We revised the efficiency of the chemisputtering process, usually assumed to be the most important destruction mechanism acting on silicate grains. In particular, the Dust production in TP-AGB stars 5 comparison between our predictions and observations provided an important indication about the fact that this process can be highly inhibited in the typical conditions of these CSEs. This indication turns out to be in agreement with experimental results about the evaporation and condensation of silicates.
The model developed can be employed to compute the total dust-to-gas ratio as a function of the initial metallicity, especially relevant for the study of dust evolution in galaxies. In particular, we found a milder dependence of the dust-to-gas ratio on the initial metallicity than the one usually assumed in the literature.
